Composite nano-structures have many interesting properties and potential applications. For a moleculenanoparticle (NP) composite array, its properties may strongly depend on the molecules on/between NPs. For instance, the resistance of NP composite film sensitively change with the length of surface molecules, [1, 2] and could be applied to vapor sensors. [3] In this report, we show a homemade system to measure thermoelectric properties of protoporphyrin molecule junctions in molecule-NP composite array. Many kinds of metal-protoporphyrin molecules (Heme, Hematin, Zinc-protoporphyrin, Cobaltic-protoporphyrin, Protoporphyrin IX) and dl-cysteine/cysteamine molecules were studied. We found metal ion in protoporphyrin molecule is matter for the Seebeck coefficient of molecule-NP composite array.
Introduction
Recent years, thermoelectric properties of molecule junctions were reported in theories [4] [5] [6] and in experiments [7] [8] [9] . For instance, Yu-Shen Liu et al. presented the thermoelectricity in molecular junctions formed by a single molecule contact through firstprinciple calculation. [4] The Seebeck coefficient of molecule-metal junction is related to the slope of the transmission function near Fermi level, and could be described by eq. (1). 
Here τ(E) is transmission function of electron with energy E passing through molecule junction between electrodes. The Seebeck coefficient would be equal to zero when peak position of LUMO or HOMO aligns with the Fermi level (EF). In addition, Seebeck coefficients are related to the structure and functional group of molecules. [9] For instance, amine-terminated molecule junctions may have positive Seebeck coefficient because of HOMO-conducting, while pyridine-terminated molecule junctions have negative Seebeck coefficient because of LUMO-conducting. B. Wang et al. reported calculated thermoelectric property of different length of alkane molecules between Au electrodes. [6] They found the thermoelectric voltages are positive when the number of carbon is odd, while the voltages is negative when the number of carbon is even.
Recent years, scanning probe microscopy had been used to measure thermoelectric properties of molecule junctions. [4] [5] [7] [8] In a scanning tunneling microscope (STM), Au tip is kept at room temperature with a large thermal reservoir as a cool side; Au substrate is heated to a controlled temperature, then the temperature difference (dT) is formed between substrate and tip. The Au substrate surface has some thiol-terminated molecules, then Au STM tip slowly moves to approach these molecules by monitoring tunneling current between tip and substrate. After tip traps molecules, tip slowly withdraw to a sufficiently large distance. Meanwhile, thermoelectric voltage is measured. Although, STM measurement could be capable of measuring the Seebeck coefficient of single molecule, its operation is relatively difficult and STM is expensive.
In this report, we use gold nanoparticle (AuNP) array to form abundant molecule junctions, and measure their thermoelectric properties. Our measurement method is simple, inexpensive, convenient, stable, and can provide rich molecule-NP nano-composite structures for future applications.
Basic Principles
Thermoelectric voltage of molecule junctions could come from differential Fermi levels of left and right molecule-electrode junctions. [4] [5] [6] [10] [11] [12] In our experiment, electrodes are AuNPs, and metal-protoporphyrin molecules are modified on AuNP surfaces. When thermoelectric voltage is created, the current of molecule junction could be described with Landauer function:
Here ( ) ̅̅̅̅̅̅̅ is the transmission function, and 1 and 2 are equilibrium Fermi-Dirac distributions for heating and MATEC Web of Conferences 130, 08001 (2017) DOI: 10.1051/matecconf/201713008001 CMPSE2017 cooling contacts. Fermi level 1 − 2 could be described by
Here ∆ = 1 − 2 is the temperature difference, and Δμ is the Fermi level difference between contacts. The current of molecule junction could be described by
For linear response regime, heating and cooling rates of contacts are equal, the current of molecule junction could be described by
Here S is Seebeck coefficient, G is conductance, and
According to ∆ = − × ∆ , ∆ = 1 − 2 ,
Another part,
Then, Seebeck coefficient could be described by
Because AuNP surfaces are modified with metalprotoporphyrin molecules (such as Heme, Hematin, Zincprotoporphyrin, Protoporphyrin IX, and Cobalticprotoporphyrin) or dl-cysteine/cysteamine molecules, then deposited on glass substrate surface with symmetrical electrodes by a centrifuge deposition method. [1] The symmetrical electrodes were 20nm/50nm Cr/Au deposited on glass substrate (Corning). Highpurity Cu wires were adhered respectively on two pairs of electrodes by silver filled electrically conductive adhesives. 
Measurement system
We built up a system for thermoelectric voltage measurements with high sensitivity (0.1 μV) and low thermal noise for high resistance samples (to 300 kΩ). The design of homemade measurement system is shown in figure 2 . Measurement instruments and data acquisition are connected and controlled by LabVIEW program. The vacuum pressure of system chamber is about 10 -5 torr. Sample is placed on a metal bar connected between heater and cooler stages. In experiment, the initial temperatures of hot and cold stage are kept at about 150 C and 4 C respectively, and then slowly return to room temperature through shutdown the heating and cooling power simultaneously. Thermoelectric voltage of molecule-AuNP film is measured by HP 34420A microvoltage meter when temperatures slowly return to room temperature. Thermal radiation from heat source is shielded by aluminium foils, as shown in figure 3 . 
Result and Discussion
Six kinds of molecule-AuNP composite films are studied. Heme, Hematin, Zinc-protoporphyrin, Cobalticprotoporphyrin or Protoporphyrin IX molecules are linked on NH2 function groups of dlcysteine0.75/cysteamine0.25-AuNPs by ENC/NHS crosslinking reaction. Figure 4 (a)(c) shows thermoelectric voltage-temperature curves of two HemeAuNP films on symmetrical electrode of 5 mm and 2.5 mm gap. Three voltage curves are corresponding to original sample direction(dV), sample rotated with 180 degree (dVR), and sample lift up from heater bar (dVL). The curve of dV-dTfilm is averaged from repeated measurements for 2~3 times. We found the thermoelectric voltage of dVL is near to zero (because dTfilm~0). The inverse symmetrical behavior of dV and dVR curves were due to opposite temperture gradient. This displays the acquired voltage are correct thermoelectric voltage from Heme-AuNPs film. We also found Seebeck coefficients of cysteine0.75/ cysteamine0.25-AuNP films are negative (≈ -2.2 V/K). But after linking protoporphyrin molecules on surfaces, its Seebeck coefficient is changed to positive. Table 1 shows Seebeck coefficients of some molecule-AuNPs films (each S was averaged from 4 ~ 6 sample). We found Proto-porphrin (no metal ion)-AuNPs films have a Seebeck coefficient (S ≈ 1.0 V/K) smaller than other metal-Protoporphrin-AuNPs films, and the Seebeck coefficient would increase with electronic configuration of the ceter-matal elements in 3d orbital. The Zinc(3d104s2)-protoporphyrin samples have largest Seebeck coefficient (S ≈ 9.6 V/K) than Cobaltic(3d74s2)-, Heme(3d64s2)-, and Hematin(3d64s2)-protoporphyrin samples. This may due to its filled 3d orbitals. Besides, Heme-AuNP and Hematin-AuNP films have similar Seebeck coefficient. These results show center-metal ion has important influence to the Seebeck coefficient of protoporphyrin molecules.
Conclusion
We use novel nano-assembly method to fabricate composite molecule-AuNP films and build up a measurement system to study their thermoelectric properties. The composite molecule-AuNP arrays have MATEC Web of Conferences 130, 08001 (2017) DOI: 10.1051/matecconf/201713008001 CMPSE2017 lots of molecule junctions in the films. We got the Seebeck coefficients of metal-protoporphyrin-AuNP films and cysteine/cysteamine-AuNPs films, and found the Seebeck coefficients of metal-protoporphyrin-AuNPs films were positive, but was negative for cysteine/cysteamine-AuNP film. We also found HemeAuNP and Hematin-AuNP films have similar Seebeck coefficient. This may due to the same ceter-metal ion (Fe). Zinc-protoporphyrin have largest Seebeck coefficient than others that may due to its filled 3d orbitals. 
